INTRODUCTION
Phlox drummondii is an annual, herbaceous plant which completes its life cycle in three to four months.
The chromosome number is relatively small (n=7) and their size is comparatively large.
The species shows a large number of genetic variants affecting plant stature, flower color and floral morphology.
These features render P. drummondii suitable for genetical and cytogenetical studies.
Genetical observations on this plant were made by Kelly (1920) and some cytological data were reported by Flory (1934) and Meyer (1944) . Since no cytogenetical studies on P. drummondii appear to have been published, it was decided to start investigations with a view to exploit the cytogenetical potential of this plant. This communication describes observations made on the colchicine induced autotetraploid plants.
MATERIALS AND METHODS

Source of seed:
Starting seed was obtained from a commercial seed supplier. Plants raised from such seeds were grown under green house conditions.
Those selected for further work were cytologically examined to insure that they are free from detectable chromosomal abnormalities.
The flowers of these selected plants were hand pollinated and the resulting seeds were used for the work reported in this communication. General methods : Seeds were rinsed in sterile, distilled water and placed in sterile petri dishes lined with filter paper.
These were kept in the dark at room temperature (20° to 25°C), sterile water was added at intervals to keep the filter papers moist. Most of the viable seeds germinated in about seven days. After one week, ungerminated seeds were discarded and germinated seeds were placed under fluorescent light to hasten hypocotyl elongation and expansion of the cotyledons.
After 24 hrs, seedlings were transplanted in soil in clay pots. Colchicine Treatment : A 0.5% emulsion of "pure colchicine" (E. Merck) was made in melted lanolin which was stored at 4°C. Before use, emulsion was melted by transfer to a water bath at 40°C for half hour. Shoot apices of four weeks old seedlings were exposed by clipping off young leaves and leaf primordia and were then smeared with colchicine-lanoline paste with the aid of a tooth pick. Lateral buds arising from nodes below the level of colchicine application were destroyed to promote apical growth. 
EXPERIMENTAL RESULTS
The Cl Generation : One hundred normal looking seedlings were selected. Three weeks after transplanting, apical growing points of fifty seedlings were treated with colchicine-lanolin paste and the remaining fifty were saved to serve as the control.. The apices of most of the treated seedlings produced amorphous callus like outgrowths, the typical C-tumors resulting from colchicine treatment.
In thirty seedlings no further growth was observed and the seedlings eventually died within a period of one to five weeks after treatment. Twenty surviving seedlings produced shoots emerging out of colchicine-lanolin paste.
Out of 50 untreated seedlings, only two died before reaching maturity.
Thus, whilst the control population had a mortality of 4%, mortality amongst the colchicine treated seedlings was 60%.
Twenty seven out of 48 survivors of the control population were cytologically examined.
All showed 7II at metaphase I and were thus cytologically normal. Out of 20 colchicine treated seedlings, 17 showed 7II at metaphase I. One plant showed an interchange complex of four chromosomes and five bivalents suggesting reciprocal translocation heterozygosity.
Observations made on this plant have been reported briefly (Dhillon 1963) . Of the remaining two colchicine treatment survivors, one was a chimera showing 2n and 4n branches but the other one produced branches of only 4n choromosome number. Thus, in P, drummondii, amongst the survivors of 0.5% colchcine treatment, 85% of the plants were cytologically normal and 15% showed numerical or structural chromosomal aberrations either in all or only some of the cells. Flowers borne on the 4n branches were manually self pollinated.
Resulting seeds were used to raise the C2 generation which is described in the following section. Alternatively, chromosome lagging and consequent micronucleation in these plants did not result from univalent chromosomes and may well have occurred either during the first or the second meiotic division. In diploid siblings approximately 500 PMCs from ten different plants were examined but no micronuclei were detected. Fertility of autotetraploid plants and 4n x 2n and 2n x 4n crosses : Data on percent stainable pollen in diploid and autotetraploid plants are given in Table 3 . Taken on the whole, autotetraploids showed only a slight pollen grain abortion when compared with their To obtain trisomics via the autotriploids 4n X 2n and 2n x 4n crosses were made.
Over 100 flowers were pollinated for each cross.
In almost all such cross pollinations, fruit development was normal. However, the contents of these fruits consisted of two to three shrivelled and obviously inviable seeds. All attempts to secure germination of these seeds were unsuccessful. Infertility of 4n x 2n and 2 x 4n crosses observed in P. drummondii is well known in flowering plants and has been documented for some species of genus Collinsia by Dhillon and Garber (1961) . Gigantism of autotetraploid plants : In most plant species, autotetraploid individuals are characterized by larger nuclei, larger cells, and larger organs than the corresponding diploids (Stebbins 1950) . In this study, autotetraploid plants were found to exceed the diploids in cell size, organ size, and overall plant size. Fig. 1 shows the pollen grains of diploid and autotetraploid plants.
The pollen grains of autotetraploid plants are visibly larger than the pollen grains of diploid plants.
Measurements of pollen grain diameter and guard cell length are given in Table 3 . Considering the overall average values, the guard cells of diploid are 74% as long as those of autotetraploid plants (37~c and 50i respectively).
Similarly, in diameter, the pollen grains of diploid plants measure 72% the diameter of pollen grains of the autotetraploid plants (26.5,1 and 37,i respectively).
The range of guard cell length of diploid plants shows only a slight overlap with the range of guard cell length of autotetraploid plants (31,~ to 46;i and 43tc to 57,i, respectively).
On the other hand, whilst the diameters of pollen grains of diploid plants vary from 23~c to 29p; those of autotetraploids vary much more, i.e., from 23,i to 46p. From this, it may be concluded that guard cell length is less variable trait and is therefore more reliable criterion of the ploidy state of a cell than the pollen grain Flowers of a diploid ploid (right) plant of (left) and an autotetra-P, drummondii.
diameter. Compared with the diploids, autotetraploid plants had thicker leaves, larger flowers, fruits, and seeds. The difference in flower size is illustrated in Fig. 2 . Stebbins (1950) in summarizing the effect of polyploidy in flowering plants has stated that polyploidy often leads to gigantism observable at the level of cells and organs of determinate growth.
DISCUSSION
In this respect, P, dyummondii conforms to the general pattern. However, with regard to meiotic behavior of chromosomes and fertility, polyploids of flowering plants may differ significantly from one another (Stebbins 1950) . Of a number of cases of autotetraploidy discussed by Burnham (1961) , autotetraploids of P, dyummondii appear to resemble those of corn (Zea mays) most closely. The average number of quadrivalents per PMC in corn (2n=20) is 8.47 (Gilles and Randolph 1951) and in P. dyummondii (2n=14), it is 4.7. Autotetraploidy in corn does not lead to any detectable pollen abortion (Burnham 1961, p. 177) , and in P. dyummondii, pollen abortion attributable to autopolyploidy on the average is not more than 4%. Gilles and Randolph (1951) reported 5 to 20% reduction in seed set in autotetraploid corn.
By exercising selection over a period of 10 years, they were able to increase the fertility of tetraploid plants even further. Increased fertility was accompanied by an increase in the frequency of bivalents and a decrease in the frequency of quadrivalents. In this case, although enhanced frequency of bivalents may have significantly contributed to enhanced fertility, some improvement may also have been brought about by selection for genotypes leading to greater fertility without any effect on meiotic behavior of chromosomes.
There is ample evidence for the existence of such "fertility genes" which exert their effects in polyploids in a physiological manner rather than by influencing the meiotic chromosomal behavior. A particularly dramatic case is that of Dactylis glomerata, a natural polyploid showing a high frequency of multivalents and yet, completely fertile (Brix and Quardt 1953) . High level of pollen fertility would seem to suggest that greatly reduced seed of autotetraploid plants recorded here must be explained otherwise than by the meiotic behavior of chromosomes observed in the PMCs. Presence of aborted seeds in the capsules borne on polyploid plants of P, dyummondii would suggest, though not necessarily prove that, majority of the ovules had been fertilized.
This would indicate that slow germination of near diploid pollen grains would be unable to account for reduced seed set in P, dyummondii as was observed by Einset (1944) in lettuce (Lactuca sativa).
Prevalence of "fertility genes" affecting seed devlopment only at the tetraploid level thus appears to be the only reasonable explanation for the low seed set in autotetraploid P. dyummondii. 
SUMMARY
